Background: Although the surgical literature recommends vascularized tissue for repair of cerebrospinal fluid (CSF) leaks, closure has been successful using autogenous nonvascularized grafts at our institution. High-risk patients were defined as those with CSF leaks and at least 2 of the following: (1) failed attempt at repair, (2) previous radiation, (3) infection, and (4) osteomyelitis/osteonecrosis of bone flap. Methods: Data were collected regarding primary diagnosis, adjuvant radiotherapy, infection, previous attempts at closure, related hospitalizations, admissions before and after repair. Results: The CSF leaks of 12 of 14 high-risk patients were successfully closed at a single operation. Discussion: Patients with complex CSF leaks can be closed following these principles: (1) expose and identify the dural edges. This often requires resection of native cranial bone. (2) If osteomyelitis is suspected, the bone flap is discarded and skin closed over dura. (3) Dead space is avoided.
METHODS
Consecutive high-risk patients who underwent nonYskullbased dural repair of CSF leaks from 1993 to 2008 were retrospectively reviewed. Information regarding primary diagnoses, craniectomy sites, adjuvant radiotherapy, infection, previous attempts at closure, defect sizes, grafts used, number of hospitalizations related to the CSF leak, hospital days before and after definitive CSF leak repair, and outcomes were collected ( Table 1) .
The surgical technique for CSF leak repair consisted of debridement of all necrotic tissue and circumferential identification of the dural defect border. This included removal of native cranial bone as needed to identify and adequately expose a healthy dural edge. If infection was present, the wound was copiously irrigated with saline solution and appropriate antibiotic therapy was administered based on intraoperative Gram stain and definitive cultures.
A template of the defect was made to estimate the size of the dural graft needed. Fascia was harvested slightly larger than the defect to ensure tension-free closure. Fascia lata was used for all large defects (99 cm 2 ), whereas smaller defects were repaired with temporalis fascia, pericranium, or galea.
Fascia lata harvest was performed through a vertical incision in the lateral thigh and the resultant fascia defect left open. Closed suction drainage was used to obliterate the thigh defect in all cases (Fig. 2) .
Finally, the fascial graft was sutured to the defined dural edges using 5-0 nylon continuous suture, achieving a watertight closure (Fig. 3A, B) . If the bone flap was to be replaced, it was done at this time. If osteomyelitis or osteoradionecrosis was diagnosed or suspected, the craniectomy bone flap was discarded and sent to pathology. Closed suction drainage was used in the subgaleal space in all patients. If tension-free skin closure of the scalp could not be obtained with direct suture, scalp rotation flaps were used (Fig. 3C) .
RESULTS
A total of 14 high-risk patients were treated during this 15-year period including 9 men and 5 women. High-risk patients were arbitrarily defined as meeting at least 2 of the following criteria: (1) x-ray therapy before CSF leak, (2) the presence of infection, (3) osteomyelitis or osteoradionecrosis, or (4) a previous failed attempt at closure of the leak. The mean number of risk factors for the group was 2.57 ( Table 2 ). The mean age at the time of surgery was 48.1 years (range, 34Y74 y). The initial diagnoses and craniectomy site results are displayed in Table 1 . Brain tumor was the most prevalent diagnosis, of which 64% were malignant. All patients with malignant lesions (9/14) received adjuvant radiotherapy as part of their treatment protocol. All but 1 patient had attempted conservative management with subarachnoid drainage. Five (36%) of the 14 patients underwent an unsuccessful surgical procedure before our involvement. Two patients had attempted closure with fibrin glue, 1 patient had an alloderm duraplasty, 1 patient had a duragen duraplasty, and 1 had a failed wound revision.
Thirteen of the 14 studied patients had an infection associated with the CSF leak. Most were gram-positive cocci (Table 3) . Nine patients had osteomyelitis or osteonecrosis requiring removal of the bone flap at or before CSF leak repair.
The dural defect ranged from 6 to 96 cm 2 , with a mean size of 39.7 cm 2 . Fascia lata was used in 10 patients, pericranium in 2, and temporalis fascia and a galeal graft in 1 each (Tables 1 and 4) .
Successful closure of the persistent CSF leak was achieved in 12 of the 14 patients using autologous fascial grafts in a single operation. Subarachnoid drains were removed by postoperative day 5. Two patients continued to have a persistent CSF leak despite repair. The conditions of both of these patients were diagnosed with hydrocephalus and required secondary ventriculoperitoneal shunts. There were no complications noted at the fascia lata donor site.
The mean number of admissions from diagnosis of CSF leak to resolution was 1.93 (range, 1Y4). Mean total hospital days per patient were 31 days (range, 17Y52 d). The mean time from plastic surgery repair to discharge for all high-risk patients was 11.35 days (range, 6Y37 d). However, the mean time from plastic surgery repair to discharge for those patients successfully repaired was 8.42 days.
DISCUSSION
The incidence of postoperative CSF leaks in patients with intracranial lesions ranged from 1.4% to 19%. 1Y3 This incidence differs with lesion location, being of lower incidence in the supratentorial area and higher incidence in the posterior fossa (0.94% vs 3.7%). 1, 2 In one study of patients with CSF leaks, the 
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mortality rate was 25%. 1 Because CSF leaks carry high morbidity, prevention is of utmost importance. Watertight, tension-free dural closure at the primary operation is the hallmark of success.
The closure of postsurgical CSF leaks in patients with malignant tumors, patients with previous radiation, and patients with osteoradionecrosis and/or osteomyelitis can be particularly challenging. We have arbitrarily defined these patients as high risk because they are at risk for failed repair, nonhealing wounds, meningitis, prolonged hospitalization, and death.
To decrease the risk of recurrent CSF leaks in these high-risk patients, the literature suggests the use of vascularized tissue.
4Y6
Galeal frontalis, myofascial, and pericranial flaps have been advised.
4Y7 However, such flaps may not be available in these high-risk patients. Furthermore, the adequacy of their blood supply has also been questioned. For these reasons, free tissue transfers including radial forearm flaps and omentum have been suggested. 5, 6, 8, 9 We have taken a different tact in these high-risk patients and have found complex vascularized reconstructions unnecessary in virtually all instances. Autologous fascial grafts 10 have been a safe and reliable option for the repair of even complex dural defects if several basic principles are followed:
1. Most importantly, circumferential exposure and identification of the dural edges must be accomplished. This often requires additional resection of native cranial bone. Cranial bone is liberally resected to identify enough dural edge to allow ready suturing (Fig. 4A ). This ensures successful repair. 2. Debridement of necrotic tissue including brain, dura, and bone is accomplished. If osteoradionecrosis or osteomyelitis of the bone flap is suspected or confirmed preoperatively, the bone flap is routinely discarded and skin is closed over dura. 3. Dead space between dura and skin flap is avoided. 4 Closed suction drainage and tension-free closure assures this. If skin closure is difficult, scalp rotation flaps are performed at the time of closure and tension-free skin closure assured (Fig. 2C) . In these cases, the cranial bone flaps have been discarded and secondary autogenous skull reconstruction can be performed at a later date (Fig. 3B, C) . 4. Subarachnoid drainage is initiated in all patients to decrease intracranial pressure in the early postoperative period enhancing the likelihood of dural seal.
Cerebrospinal fluid leaks in this patient population created a difficult problem for the neurosurgery service as evidenced by the mean number of hospitalizations from the time of diagnosis to resolution of the leak at 1.9 with a range of 1 to 4 and the mean total number of hospital days directly related to the CSF leak per patient at 31 days. In contrast, the mean time from plastic surgery definitive repair of the CSF leak to discharge was 11.35 days (range, 6Y37 d), whereas the mean postoperative stay for the patients who underwent successful CSF leak repair was 8.4 days. This relatively short time from definitive plastic surgery repair to hospital discharge attests to the reliability of our technique.
None of the patients undergoing CSF leak closure had complications due to their intracranial procedures. Of the 14 patients, 2 
All high-risk patients had a minimum of 2 risk factors. continued to have persistent drainage of CSF after plastic surgery repair. Of note, neither of the 2 had received prior radiation. Both of these patients had posterior fossa lesions, and both had conditions diagnosed as hydrocephalus postoperatively requiring ventriculoperitoneal shunts. 11 Thus, the persistent CSF leak in both patients may be related more to their underlying condition than the repair itself. The use of fibrin glue has been advocated by itself or in combination with other materials to aid in sealing the dural defects. 12, 13 It is suggested that fibrin glue is potentially helpful in dural closure under problematic conditions when a watertight closure is impossible. 13 Fibrin glue was used in 3 of the 14 patients, 2 in an independent, unsuccessful attempt to close CSF leaks (patients 4 and 8), and 1 (patient 7) in conjunction with fascia lata closure. Watertight closure precludes the need for fibrin glue in our experience.
There are clear drawbacks with the use of our technique. Although free tissue transfer offers both the possibility of CSF leak closure and contour restoration, this is not possible with the use of autogenous fascial grafts alone. Therefore, with our technique, significant skull deformity can result (Fig. 3B, C) . However, it should be noted that most (9/14) of these patients presented with malignant brain tumors and a short life expectancy. Therefore, straightforward surgery and rapid discharge from the hospital were paramount. Autogenous split-skull cranioplasty as a secondary procedure is possible in those patients with a good prognosis.
Finally, it may seem counterintuitive that a nonvascularized autogenous fascial graft would be so successful in this patient population given its lack of inherent blood supply. We have found that watertight closure with an autogenous fascial patch and the obliteration of dead space between dura and skin are consistently successful.
CONCLUSIONS
Our simple paradigm for closure of CSF leaks in the high-risk patients includes the following:
1. Clear identification of the edges of the dural defect even when it means removal of healthy, intact cranial bone. When these principles are upheld, our success rate in these high-risk patients was 85%. Our only failures were in those patients with previously unidentified increased intracranial pressure who ultimately required shunts.
